Business
Statistics

With Special Contributions by

SERINA AL HADDAD, Rollins College
STEFAN RUEDIGER, Arizona State University




Get the Most Out of

MyLab Statisticstiil

‘P Pearson
MyLab

MyLab™ Statistics is the teaching and learning platform that empowers instructors to reach
every student. By combining trusted author content with digital tools and a flexible platform,
MyLab Statistics personalizes the learning experience and improves results for each student.

It makes learning and using statistical software seamless by allowing users to download and
copy data sets directly into their programs. Students can access tutorial videos, as well as
Study Cards for StatCrunch, Excel, Minitab, JMP, R, and SPSS. Many of these resources are also
available within MyLab exercises as learning aids.

Collect, crunch, and communicate with StatCrunch

With StatCrunch®, Pearson’s
powerful web-based
statistical software, access
tens of thousands of data
sets including those from the
textbook, perform complex
analyses, and generate
compelling reports. Use
StatCrunch directly in MyLab
Statistics or as a standalone
product.

Enjoy hands-off grading with Excel Projects

Using proven, field-tested
technology, auto-graded
Excel Projects let instructors
seamlessly integrate
Microsoft Excel content into
the course without manually
grading spreadsheets.
Students can practice
important statistical skills
in Excel, use native Excel
functions and Excel's Data
analysis Add-in, helping
them master key concepts
and gain proficiency with ~ *

tHE SR EEE

=SUM[DatalN12:N28}/Problem! D14

Nutritional Data for Fast Food 2017
Graph z]x
Row Fast Food Re  Item Type  Serving Size Calories Tq |Carbs (9)
28 Wendy's Baconator® Burger 295 540 |
29 wendy's Son of Bacos Burger 211 ba’C-. 1001
I I
31 wendy's Homestyle C Breaded Chi 247 510
32 Wendy's Ultimate Chi Grilled Chick 231 370
a3 Wendy's 4-Piece Regi Chicken Nug (1] 180 501 -
34 wendy's Small Natur: French Fries 108 310 |
3s Chick-fil-A Grilled Chick Grilled Chick 193 270
36 Chick-fil-A Chick-fil-A C Breaded Chi 170 410
a7 Chick-fil-A 4-Piece Chic Chicken Nug s7 130
38 Chick-fil-A Small Walflé French Fries 85 280 60} e
DT f— “ 3
40  Jack in the E Hamburger Burger 105 280 = i z
41  Jack In the E Hamburger Burger 106 320 r R
| L L) LU |
42 Jack in the E Jumbo Jack Burger 218 490 a0 e . Rt Sl B
43 Jack in the E Bacon Ultim Burger 284 910 s r, e
44 Jack in the EBig Cheeseb Burger 181 560 o+ V'.: [Y
45 Jack in the EJr. Jack™ wi Burger 153 470 e
46 Jack in the E Sirloin Chee Burger 370 1030 o |
47 Jack in the E Sourdough ] Burger 223 660 201 -
s%a see

48 Jack in the  Chicken San Breaded Chi 147 410 e

-SALRES imassaaah ¢ Grilled Chick 261 540

= = 200 400 600 800 1000 1200
g (_I'lcxanu; 7 f:E = Calories

8 e v a M
10 In cell DM, percentage d to exeed 5330003 using the vaboe(s) foand in step 5.
15294
11) In cell DS, calcul 594,000 and $300,001, exchusive, using the value(s) found in step 5.
B0E%|
12} In cell D38, calcul expected ng the inseps.
4720

one of the homes has central air and the other sne does not.

13) Supposs you are looking at twe houses
Using the same bins you used i
so that they

Title: by cemtral air

n bt the size
eenistaust sepieate histognens for the sube prices

mes withoot centeal sir mnd the sale peices foe homes with centrl e

Distribution of selling prices without central air

Insert the twn histoprams in cells B42-G42.

Instructions | Problem | Data ()]

Distribution of selling prices with central air

the program.

Visit pearson.com/mylab/statistics and click Training & Support to make

sure you're getting the most out of MyLab Statistics.




Enrich assignments with question libraries
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Brett is a huge sports fan. He hypothesized half of sports fans liked football the best, one-quarter liked baseball the
best, 15% liked basketball the best, and 5% liked hockey the best, and the rest liked some other sport the best. He
surveyed 100 sports fans and asked what sport they liked the best. Assuming all conditions are satisfied, which of the

following tests should Brett use to test his hypothesis?

Choose the correct answer below.

O A. The goodness-of-fit chi-square test
(O B. The chi-square test of independence
O C. The chi-square test of homogeneity
O D. The one-sample z-test for proportions

Click to select your answer and then click Check Answer.

Al parts showing (NN

Clear All

® The Getting Ready for Statistics Library contains more than 450 exercises on prerequisite topics.
Assign these questions to students who may need a little extra practice on their prerequisite
skills to be successful in your course.

® The StatTalk Video Library is based on a series
of 24 videos, hosted by fun-loving statistician
Andrew Vickers, that demonstrate important
statistical concepts through interesting stories

and real-life events.

® Business Insight Videos show how managers
at top companies use statistics in their every-

day work.

Incorporate additional author-created resources in class

Authors infuse their own voice, approach, and experiences teaching statistics into additional text-
specific resources, such as interactive applets, technology manuals, workbooks, and more. Check

out the Preface to learn more about what's available for this specific title.
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Business Statistics, third edition, is a one- or two-semester textbook written in
a conversational tone designed to reduce the level of anxiety that many students
experience when taking a statistics course.

Many of today’s business students are intimidated by their statistics textbook. These stu-
dents often view their textbook as an obstacle to overcome rather than a tool to help them
succeed. To address this issue, The late Robert Donnelly wrote Business Statistics in a straight-
forward, conversational tone that helps to reduce the anxiety many students experience with
this course. His experience as both a writer and a teacher taught him that students learn more
effectively when they feel a personal connection with their instructor. Many traditional text-
books tend to “talk down” to students in a manner that many find difficult to understand.
Donnelly preferred a textbook that “talks to” the students as he did in the classroom, provid-
ing them a sense that he is on their side, encouraging them every step of the way.

We, Bob Donnelly and the two new contributors, Serina Al Haddad and Stefan Reudiger,
strongly believe that students learn most effectively when they solve statistics problems as
they learn new concepts rather than later (often right before the next exam). To facilitate this
philosophy, we provide the student with a parallel problem labeled “Your Turn,” which
allows them to work alongside the example that is being demonstrated in the chapter. We
attempt to motivate them to do these exercises with a little levity but it’s not beneath us to
downright beg them to give it a try. We show the entire solution at the end of the chapter, so
they can quickly check if their answer is correct. We call this the “learn it, do it, check it” cycle,
where students learn by reading an example, doing a similar problem on their own, and
finally checking their answer to confirm they understand. In effect, the textbook also plays the
role of a workbook for the students, keeping them actively engaged in the learning process.
Too often, students skim through an example that is completely solved for them in the text
and convince themselves they understand the concept—that is, until they are trying to solve a
similar problem in an exam for the first time. Our approach encourages students to work
through examples and confirm they grasp the concept before moving on to the next topic.

We have inserted many author’s comments in the margins that provide useful insights
along the way. This feature is analogous to the side comments you would make to your stu-
dents during a lecture to help them better understand the material. We have found this to be
an effective technique to help keep students focused on material that they may find confusing
or overwhelming.

To help students be successful in your course, Business Statistics, third edition,
has the following attributes:

Is written in a straightforward, conversational tone to reduce the anxiety that many
business students experience with the topic of statistics.

Uses a “learn it, do it, check it” cycle by providing parallel Your Turn problems through-
out each chapter, the textbook essentially serves as a workbook, allowing students to con-
vince themselves they really understand a concept before moving on to the next topic.

Incorporates author’s comments in the margins, which are analogous to the side com-
ments that an instructor would make during a lecture to help students better under-
stand the material.

Utilizes technology (Microsoft Excel 2016) in applying statistical analyses and refers
students to available Excel projects, when applicable.

NEW TO THIS EDITION

We are very excited to offer several new features and many updated features in the
third edition of Business Statistics. We have

Updated technology coverage with Microsoft Excel 2016, including steps and figures.
Excel as an analytical tool is not expensive and is often available on computers. Excel
has become one of the most utilized analysis and business intelligence tools. This
edition focuses on native Excel and Excel’s Data Analysis ToolPak.

xiii
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Updated data sets in problems, examples, and Your Turns with current available data
and replaced outdated or obsolete examples and data sets with more timely topics and
data sets that relate to current business systems, technologies, and applications.

Focused more on Excel and Excel’s Data Analysis ToolPak, which covers most
functionalities needed in this course.

Added Excel Projects and callouts to these projects relating to a certain topic or section.
The topics span the entire course, from describing and calculating data to hypothesis
testing to linear regression. These Excel assignments allow students to apply statistical
analysis using Excel native functions and Excel’s Data Analysis Add-in.

Added Focus on Analytics, a new feature, in Chapters 1 through 16. This feature dis-
cusses business analytics examples and applications, which is an area that uses statisti-
cal analysis in the business world to come to meaningful conclusions and make
decisions. Business analytics has become one of the top management approaches for
achieving greater competitiveness.

Stock Investment

We have learned about probability and that there is a great
deal of uncertainty and risk when making decisions in the
business world. Probability plays an important role in the
stock market because decisions made to invest in stocks
are built on the probability of the price of the stock going
up or down.
Dow Jones goes up
Since it is not easy to know the probability of an increase IR

in a certain stock price, many investors rely on the average

of significant stocks on the market and act accordingly.
For example, if an investor is interested in knowing if a par-
ticular stock’s price will increase, the investor can use the
Dow Jones Industrial Average, which reflects the average
of 30 significant stocks traded on the New York Stock
Exchange (NYSE) and NASDAQ.

If there is a relationship between the Dow Jones and your
stock, then there is an intersection between the two events
“stock price going up” and “Dow Jones going up,” as
shown in orange in Figure 4.11.

P(Investor Stock goes up | Dow Jones went up) =

FIGURE 4.11 Conditional Probability in Stock Investment

Once the investor knows that the Dow Jones has gone up,
he knows that no event outside the Dow Jones circle can
occur. Since the attention is now restricted to “Dow Jones
Up” circle, the investor needs to find the probability of the
stock price going up within that restricted space, which is
the area in orange. This is an application of conditional
probability, which can be represented mathematically by:

P(Investor Stock goes up N Dow Jones went up)

P (Dow Jones went up )

In Chapter 1, introduced a topic on data sets and databases that explains definitions and
shows examples and tables.

In Chapter 2, added a topic that explains how to create histograms using Excel charts and a
topic on Sparklines with definitions and steps. The polygon topic was replaced by the ogive.

In Chapter 3, added a topic that explains short-cut formulas to find the sample variance
and standard deviation in Excel in as well as a topic that demonstrates the use of Excel to
draw box-and-whisker plots.

In Chapter 4, added a topic that explains how to create contingency tables with probabili-
ties in Excel by using a pivot table. More tables and explanations have been added for
Bayes’ theorem to simplify the logic and the process of deriving Bayes’ theorem.

In Chapter 5, added a topic that explains how to find the mean of a discrete probability
distribution in Excel.

In Chapter 9, added a topic that explains how to use Excel to perform a hypothesis test
for the mean when o is known.

In Chapters 12 and 13, added a topic that explains how to use Excel to determine the
p-value.



When you rely on the mean
to summarize many data
values, you lose important
information about the
original data.

TEXTBOOK FEATURES

Current business examples that keep the students’ interest—Statistical procedures
are applied to products and services that students can relate to such as the following;:

* Approximating the probability of an accident similar to the BP oil spill in the Gulf of
Mexico occurring again in the near future

e Liberty Mutual Insurance Company comparing the proportion of auto accident claims
for clients with and without good student discounts

¢ Comparing satisfaction scores for various smartphone brands
* The shortage of Internet protocol (IP) addresses using the original IPv4 format

Your Turn problems after every major section—These problems are strategically
placed throughout the chapter and are designed to reinforce key concepts. Complete
solutions to these problems can be found at the end of the chapter. Students learn more
effectively when they actively solve problems rather than skim through examples that
are completely solved for them.

1. The following data represent the number of books that seven adults have read during the past
12 months. Determine the variance and standard deviation of these data.

10 10 4 8 13 6 1

2. The ages of eight employees at a local PNC Bank branch are shown here. Determine the variance
and standard deviation of these data.

32 40 27 29 34 38 46 24

Answers can be found on )page 144.

Step-by-step approach to complicated statistical procedures—Many students tend
to get “lost in the forest” when facing complicated procedures such as hypothesis test-
ing, analysis of variance (ANOVA), and regression. We break these procedures down
into bite-size, repeatable steps that can be applied to solve a variety of problems. As a
result, the student has a consistent road map to follow when deciding how to proceed
with a specific technique.

Highlighted text—Throughout the textbook, we highlighted text to draw the student’s
attention to a key point in the chapter. This will reinforce important concepts that could
otherwise be overlooked by the student.

Even though the empirical probability of a tails in this example is 100%, we all
know the classical probability is 50%. If we flipped the coin, say, 500 times, the
empirical probability would be very close to 50%.

Author’s comments—In the margins, you will find comments that help clarify spe-
cific topics. These comments often point to an appropriate location in the chapter and
are analogous to the comments you as an instructor might make in class to provide
your students with some additional insight to the material.
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Statistics in Practice—Throughout the textbook, examples of how statistics is used in
today’s business environment are described in specially marked sections within the
chapter. Examples include the following:

¢ Government reports of unemployment figures using confidence intervals and the
interpretation of these results

e Comparison of customer feedback for different snack food products from Herr’s Food
Company

e A statistical technique that health care insurance companies can rely on to investigate
unusual billing practices from doctors’ offices

e Comparison of performances of Olympic athletes across different sporting events

w Using the Range to Compare Stock Market Return Rate
el ' Although the range as a measurement of variability has its limitations,

it can be useful when measuring the return rate of the stock market.
Rate of return is a profit on an investment over time. It is usually pre-
sented as a percentage of the original investment on annual basis.
The higher the value of the rate of return, the better. Negative rate of

return indicates loss. Figure 3.9 shows the yearly return rate in Snck Market Retum
the stock market from 2003 to 2017. The drop in return rates :
in 2008 reflects the significant financial recession. The high
return rate of 32% in 2013 makes it the best year after the recession.
In this example, we have demonstrated that we can use the range
to conclude that the economy is showing signs of recovering from
the financial turmoil with no negative return since 2009 and
higher values of return rates in the last couple of years.

FIGURE 3.9
Yearly Rate of Return in the Stock Market

The integration of Microsoft Excel® 2016—We use Excel to demonstrate the use of
technology in business statistics, but not at the expense of understanding the underly-
ing concepts. We have spoken to students who have said that they know how to per-
form a procedure such as ANOVA on the computer but do not feel comfortable
interpreting the results. By letting Excel do all the work, they miss the opportunity to
understand the underlying concepts of the technique. The philosophy employed in this
textbook avoids this unfortunate situation.

FIGURE 11.8a
Conducting a One-Way
ANOVA Test Using Excel
(Steps 1-3)
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Excel Project callouts—After covering a topic or section, you will find callouts to Excel
projects that are available in MyLab Statistics. These Excel projects allow you to apply
the statistical analysis learned in an Excel file that you download and work on by fol-
lowing specific instruction, then upload for auto grading.



‘P Pearson

Get the Most Out of MyLab
MyLab Statistics il

Statistics courses are continuously evolving to help today's students succeed. It's
more challenging than ever to support students with a wide range of backgrounds,
learner styles, and math anxieties. The flexibility to build a course that fits
instructors’ individual course formats—with a variety of content options and
multimedia resources all in one place—has made MyLab Statistics the market-
leading solution for teaching and learning mathematics since its inception.

78% of students say MyLab Statistics helped
them learn their course content.*

Teach your course with a consistent author voice

With market-leading author content options, your course can fit your style.
Pearson offers the widest variety of content options, addressing a range

of approaches and learning styles, authored by thought leaders across the
business and statistics curriculum. MyLab™ Statistics is tightly integrated with
each author’s style, offering a range of author-created multimedia resources,
so your students have a consistent experience.

Thanks to feedback from instructors and students from more than 10,000
institutions, MyLab Statistics continues to transform—delivering new content,
innovative learning resources, and platform updates to support students and
instructors today and in the future.

*Source: 2018 Student Survey, n 31,721

pearson.com/mylab/statistics




Resources for Success

‘P Pearson
MyLab

MyLab Statistics Online Course for Business
Statistics, Third Edition, by Robert A. Donnelly

(access code required)

MyLab™ Statistics is available to accompany Pearson’s market leading text offerings.
To give students a consistent tone, voice, and teaching method, each text’s flavor and
approach are tightly integrated throughout the accompanying MyLab Statistics course,
making learning the material as seamless as possible.

Enjoy hands-off grading
with Excel Projects

Using proven, field-tested technology, auto-
graded Excel Projects let instructors seamlessly
integrate Microsoft Excel content into the
course without manually grading spreadsheets.
Students can practice important statistical skills
in Excel, helping them master key concepts and
gain proficiency with the program.

Data for Fast Food 2017
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StatCrunch
Via StatCrunch, Pearson’s powerful

web-based statistical software, instructors
and students can access tens of thousands
of data sets, including those from the
textbook, perform complex analyses, and
generate compelling reports. StatCrunch is
integrated directly into MyLab Statistics or
available as a standalone product. To learn
more, go to www.statcrunch.com on any

Technology Tutorials and
Study Cards

MyLab makes learning and using a variety

of statistical software programs as seamless
and intuitive as possible. Download data sets
from the text and MyLab exercises directly into
Excel. Students can also access instructional
support tools including tutorial videos, study
cards, and manuals for a variety of statistical
software programs including StatCrunch, Excel,
Minitab, JMP, R, and SPSS.

laptop, tablet, or smartphone.

Excel® 2016 .in xLsTaT™

for Business Statistics EESROUN

Introduction to Excel 2016 with XLSTAT
1 ot i . —

pearson.com/mylab/statistics
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Instructor Supplements

Online resources can be downloaded from
www.pearsonhighered.com/mathstatsresources.

Instructor’s Edition contains answers to all
exercises. (ISBN-13: 978-0-13-468812-1;
ISBN-10: 0-13-468812-0

Online Test Bank (download only), includes true/
false, multiple choice, fill-in, and problem-solving
questions based on the definitions, concepts, and
ideas developed in each chapter of the text. Avail-
able to qualified instructors through Pearson’s on-
line catalog at www.pearson.com/us/higher-edu-
cation or within MyLab Statistics.

Instructor’'s Solutions Manual (download only),
Dirk Tempelaar, contains detailed solutions to all of
the exercises. The Instructor’'s Solutions Manual is
available to qualified instructors through Pearson’s
online catalog at www.pearson.com/us/higher-
education or within MyLab Statistics.

TestGen® Computerized Test Bank
(www.pearsoned.com/testgen) enables instruc-
tors to build, edit, print, and administer tests using a
computerized bank of questions developed to cover
all the objectives of the text. TestGen is algorithmi-
cally based, allowing instructors to create multiple
but equivalent versions of the same question or
test with the click of a button. Instructors can also
modify test bank questions or add new questions.
The software and test bank are available for down-
load from Pearson’s online catalog at www.pearson
.com/us/higher-education. Test Forms (download
only) are also available from the online catalog.

PowerPoint Lecture Slides

Free to qualified adopters, this classroom lecture
presentation software is geared specifically to the
sequence and philosophy of Business Statistics. Key
graphics from the book are included to help bring
the statistical concepts alive in the classroom. These
files are available to qualified instructors through
Pearson’s online catalog at www.pearson.com/us/
higher-education or within MyLab Statistics.

Resources for Success

‘P Pearson
MyLab

Student Resources

Business Statistics, for-sale student edition.
(ISBN-13: 978-0-13-468526-7 ISBN-10: 0-13-468526-1

Student’s Solutions Manual Dirk Tempelaar, pro-
vides detailed, worked-out solutions to odd-
numbered exercises. (ISBN-13: 978-0-13-468612-7;
ISBN-10: 0-13-468612-8

Study Cards for Business Statistics Software:
This series of study cards, available for Excel
2016 with DAT: 0-13-457679-9; Excel 2016 with
XLSTAT: 0-13-457683-7; StatCrunch: 0-13-397513-4,
R:  0-13-522870-0; JMP: 0-321-64423-9; Minitab
17:0-13-457681-0; SPSS: 0-32-164422-0; and R Studio:
0-13-522869-7 provides students with easy step-by-
step guides to popular statistics software.

Excel Projects: These projects are available in
MyLab Statistics and allow students to apply statisti-
cal concepts using Excel Native functions and Excel’s
Data Analysis add-in. They cover areas in descriptive
and inferential statistics. Students download and
work on an Excel file by following specific instruc-
tions, then upload it for auto grading. Students can
review their submission for detailed feedback.

XLSTAT™ for Pearson Used by leading businesses
and universities, XLSTAT is an Excel® add-in that
offers a wide variety of functions to enhance the
analytical capabilities of Microsoft Excel, making it
the ideal tool for your everyday data analysis and
statistics requirements. XLSTAT is compatible with all
Excel versions. Available for bundling with the text as
ISBN-13:978-0-321-75940-5; ISBN-10:0-321-75940-0.
Standalone: ISBN-13: 978-0-321-75932-0;

ISBN-10: 0-321-75932-X

pearson.com/mylab/statistics
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DEAR STUDENTS

Information overload is a recognized mark of our time, and the daily data tsunami isn't
going to recede any time soon. There’s no doubt you will be exposed to an unprecedented
volume of data and information throughout your career. While many around you are crying
“I'm overwhelmed!” or even “man overboard!” you can take a different, much better
approach. Developing the skills needed to organize and interpret important information is a
key to success, especially in business.

The business statistics course you are beginning will give you invaluable tools that
enable you to use data to make good business decisions. For example, if you were a man-
ager for AT&T or Verizon, could you conclude that the dropped-call rates for the two com-
panies are significantly different based on a sample of customers from each company?
Would that data alone be enough to affect how you manage your business? Or, would you
want to break it down further and analyze it by some additional other factor, the locations
of dropped calls perhaps? After you have completed Chapter 10, you'll be able to analyze
data such as this and answer these questions with a high degree of reliability.

Throughout your business career you will find people at every level making decisions
that have real consequences affecting business profitability and the jobs of real people. A
skilled data analysis can give you an amazing window on aspects of a business that are sim-
ply not apparent without it.

We have written this textbook with you, the student, as our focus and the overall goal of
helping you succeed both in this course and later in your career. The approach was devel-
oped over many years of teaching, and on the basis of that experience, We offer the follow-
ing advice to help you achieve your own goals:

B Make it to class regularly. If you don't, you'll miss the details that help you master the
subject. No textbook, no matter how well written, can take the place of your instructor
and the classroom interaction. Seriously, go to class!

m Take advantage of the “Your Turn” problems placed throughout the chapters. Solving
them will reinforce key concepts and let you know if you fully understand the mate-
rial. The solutions to the problems at the end of each chapter give you immediate feed-
back, so I encourage you not to peek at the answers before you solve the problems or
you won't really know how you are doing!

B Solve as many of the chapter problems as you can before exams. Business statistics is
not a subject that rewards cramming or winging it. The saying “practice makes per-
fect” holds true in this field, and working through a variety of problems will build
your confidence during the semester. We have provided solutions to all the even-
numbered problems in Appendix B at the end of the book.

Make sure to use Excel as much as you can. Excel is important for students when entering
the workplace as it is one of the most utilized business intelligence tools. We have provided
detailed steps and figures on how to use Excel for statistical analysis.

We hope that you come to share our enthusiasm for the value of business statistics this
semester and that what you learn in this course contributes to your future success in the
business world.
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Automobiles
age of new car buyers, 605
autonomous, 329
batteries, 286
brand loyalty, 485
Buick, 417, 693-694
car loans, 242, 358
customer complaints, 71
domestic vs. imported, 18-41
driver’s licenses, 330
electric, 555-556, 605—-606
emissions ratings, 19
engine size, 134, 685-686, 18-35
extended mile warranties, 267
fuel efficiency, 19, 258, 345, 423-424
gasoline delivery, 257
gasoline prices, 55, 75, 328, 355
Honda Civic, 348
hybrid, 242, 258
Hyundai Veracruz, 267
miles per gallon, 134, 314, 531, 685-686, 18-35
options, 193
owner satisfaction ratings, 375
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rentals, 112, 141-142, 302, 442, 514
Tesla, 67
tires, 18-43, 282, 364, 484485, 631, 633
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corporate legislation, 486
crude oil prices, 622
customer service times, 286, 324, 399
daily customer data, 128, 142, 242
Dow Jones Industrial Index, 91-92
Enterprise Resource Planning systems, 164
Facebook presence, 73
gasoline prices, 55, 75, 328, 355, 457
gross domestic product, 55, 482-483
home prices, 113, 282, 419, 554, 649, 694, 755,
779,18-9,18-14,18-31, 18-44
homes, number of days on market, 70, 139, 285,
302, 425, 556
iPhone sales, 103
Island Art sales, 20, 607, 753, 778
Lowe’s receipt totals, 43, 375
market capitalizations, 140-141
market shares, 72
office occupancy, 477
oil prices, 140

Pepsi sales, 327

price and demand, 648649, 17-11, 18-34
product defects, 226, 230, 285

production subcontracting, 17-31

profit projections, 211-212, 239

quality control, 312, 330, 636

reorder points, 287

sales calls, 603-604

sales territories, 193

showrooming, 476477

small businesses, 409, 425-426, 483, 18-42
stock markets, 19
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toy stores, 814
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home size, 74, 406, 482, 18-42
manufacturing facilities, 17-30, 17-35
office complexes, 17-15
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3D printed homes, 403, 621
zoning issues, 17-30-17-31
Consumers
age of, 73, 375, 399, 18-14
Amazon Kindle ratings, 33
arrival at stores, 592-593
back-to-school spending, 442
Christmas spending, 153, 406, 811-812, 17-34
complaints, 69, 71, 225
Consumer Price Index, 778
customer service calls, 192-193, 230, 348, 425,
531,619, 686, 18-35-18-36
dining experiences, 54, 55
information provided by, 485-486
membership programs, 173
mystery shoppers, 518
order size, 67
satisfaction ratings, 59-60, 71, 102, 134, 140-141,
179-180, 221, 331, 556, 692, 18-40
taste tests, 74
T-Mobile store visits, 75
Valentine’s Day spending, 317, 17-14, 17-26,
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Demographics

Drink. See Food and Drink
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Education
absences, 73, 102, 141, 239, 692—693, 18-41
age of students, 113
applications, 241, 358, 410
bachelor degree programs, 55
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capstone courses, 606—-607
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student evaluations, 316
student loan debt, 328, 330, 373, 398, 482, 485,
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study time, 599
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textbooks, 18-40
TIMSS math scores, 72
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Entertainment
box-office revenue, 122-123
cable television, 178
casino resorts, 514
children’s media use, 72
cruises, 459, 605
hotel rates, 267, 282, 317, 339, 422, 18-17, 18-26
late-night news viewers, 72
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movie theater prices, 317, 548, 791-792
music-streaming services, 72
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Netflix subscribers, 67
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travel packages, 18-11
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2 CHAPTER 1 | An Introduction to Business Statistics

Statistics is the mathematical
science that deals with the collection,
analysis, and presentation of data,
which can then be used as a basis
for inference and induction.

Business statistics are statistics
applied to the business world to help
improve decision making.

In the 1980s, Marriott
conducted an extensive
survey to see how potential
customers felt about the
company’s current hotel
offerings. Based on the
results, Marriott designed a
new hotel chain known as
Courtyard by Marriott, which
has been a huge success.

Welcome to the world of statistics! Although some of you might be excited about
learning statistics, others of you are probably less than thrilled about it. Perhaps you
have to take “sadistics” because your major requires it. However, before you write
off the value of this learning opportunity, let’s discuss the role that statistics can play
in your life. In today’s world, everyone is a consumer of statistics. By this, I mean
that you are continually surrounded by data and statements about those data in an
effort to influence you to purchase something, vote for someone, or change your
opinion about an issue. Consider the following examples:

® When CBS Sports announces that 103.4 million viewers tuned in to the 2018
Super Bowl (https://www.cbsnews.com/news/super-bowl-lii-tv-ratings/), do
you understand the method used to determine this number? (How does CBS
know that I, you, or anyone else watched the game?)

* When we hear on TV that President Donald Trump’s approval rating is 40% and
in small print see +4%, do you understand the significance of this percentage?

® When you read an advertisement claiming that a new product is recommended
by four out of five doctors, do you question the validity of the claim? (For
instance, were the doctors paid for their endorsements?)

® When an online survey reports that Canon digital cameras are preferred to
Nikon, does it concern you that the majority of the respondents could be Canon
loyalists who repeatedly voted, skewing the results, or that the survey was con-
ducted on a Canon user’s forum?

Never before in the history of humankind have people had more data and informa-
tion at their fingertips than you do at this moment. Statistics can have a powerful
effect on our feelings, our opinions, and the decisions that we make in our personal
and professional lives. As a result, it’s very important that the statistics we report are
both accurate and unbiased to ensure that they are properly utilized.

1.1 Business Statistics and Their Uses

Statistics is the mathematical science that deals with the collection, analysis, and pre-
sentation of data—data that can then be used as a basis for inference and induction.
Business statistics is the science of statistics applied to the business world in an effort
to improve people’s decision making in fields such as marketing, operations, finance,
weather forecasting, and human resources, to name a few. Let’s look at a few exam-
ples of how business statistics can help an organization’s decision makers.

Marketing Research

Organizations rely heavily on business statistics when they conduct marketing research
to determine what consumers want. For example, Kellogg’s could perform a taste test
to determine if consumers prefer the company’s Cheez-It crackers to Nabisco’s Cheese
Nips. (Being a life-long Cheez-It addict, I know where my vote will go.) Kellogg’s could
also gather information about each consumer participating in the test in an effort to
determine whether the people who prefer one brand to the other share similar charac-
teristics. This would be useful information for Kellogg’s future marketing efforts.

Advertising

Television networks set their advertising rates for commercials based on the sizes of
viewing audiences. The networks receive the information from Nielsen Media
Research, which collects data from approximately 41,000 U.S. households. The sam-
ple of households surveyed has been carefully selected so that the results can be
used to infer the viewing habits of the entire country. Statistics are used to ensure the
sample is properly chosen and to process the data into meaningful information for
the networks. Based on this information, CBS was able to charge $4.5 million for a
30-second Super Bowl ad in 2018.


https://www.cbsnews.com/news/super-bowl-lii-tv-ratings/
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Operations

Statistics can also be used to help businesses operate better. Quality control, for
example, is a vital concern for all successful organizations. The combination of busi-
ness statistics and quality control is a marriage made in heaven. If properly imple-
mented, statistics can help manufacturing and service organizations monitor their
processes and determine when quality problems begin to occur. For instance, Kel-
logg’s can use statistics to determine if my Cheez-Its are overbaked or too salty.
(Based on the box I'm sampling from at this moment, I'd say the company is doing
an excellent job with its statistical quality control.)

Finance

When Donnelly began writing this textbook, the U.S. economy was in the middle of a
deep recession. Part of the economic downturn was due to the poor lending practices of
banks, particularly in the mortgage industry. If used properly, business statistics is an
excellent tool to help banks identify consumers who are good credit risks and those who
are not, based on characteristics such as income, education, and home-ownership. For
example, Fair Isaac Corporation (FICO) developed the credit scoring system (FICO score)
currently used by the industry, which is based on a variety of statistical techniques.

Weather

The weather forecast helps many people in planning their decisions and activities.
Statistics is necessary in forecasting the weather since the atmosphere is continu-
ously changing and is not perfectly predictable. The use of predictive statistical

Careers in Statistics

It's a great time to be in the job market if you have an interest and
aptitude for statistics. This is due to an increase in demand for the
skills of individuals who have developed a level of statistical literacy.
The biggest driver for this demand is a global society that is both
data-rich and data-dependent as technology continues to advance
at an explosive rate. In recognition of this development more than
150 professional organizations, including the American Statistical
Association, designated 2013 as the International Year of Statistics.

There are abundant employment opportunities in today’s busi-
ness world that require expertise in statistics. The following are
just a small sampling of the type of jobs available to people who
have mastered this skill set.

e Marketing Analyst—Using statistics to analyze data related to
people’s purchasing patterns has helped businesses understand
their consumers’ buying behaviors. Companies that use data from
social media platforms and create customized advertisements are
examples of organizations that need this type of position to gain a
competitive advantage.

¢ Financial analyst—Using a variety of statistical tools, financial ana-
lysts provide investment advice to businesses and individuals.
Banks and investment firms are examples of organizations seeking
this type of position.

e Actuary—In order to maintain profitability, insurance companies
need actuaries to analyze risk factors for their customers in order to
establish appropriate premiums for their service. Statistical tech-
niques play a major role in this analysis. Hospitals, banks, and

government agencies are other examples of organizations that rely

on these skills.

e Sports statistician—Many professional baseball, basketball, and
football teams have hired statisticians in an effort to gain a competi-
tive advantage. Examples include:

o Assistant General Manager Peter Brand, who was dramatized in
the 2011 film Moneyball, used statistical analysis to help the
Oakland Athletics assemble a competitive Major League Baseball
team during the 2002 season. The Boston Red Sox won the
World Series in 2004 (their first since 1918!) relying on some of
the same statistical modeling used by the Oakland Athletics.

o The Memphis Grizzlies, an NBA team, recently hired a vice presi-
dent of basketball operations because of his statistical expertise.

e Political analyst—A great deal of attention has been paid to predict-
ing political outcomes, such as elections, using statistical tools.

o Nate Silver is an American statistician who has developed
an impressive reputation for his accurate predictions
in the political arena. | recommend visiting website,
https://fivethirtyeight.blogs.nytimes.com/2013/, and reading
his book The Signal and the Noise: Why So Many Predictions
Fail, But Some Don’t. Penguin, 2015 to gain some insight into
the benefits of statistics in this field.

And of course I’d be remiss not mentioning one last type of employ-
ment in the field of statistics—education. | can personally testify
that teaching statistics to students and writing books to help them
learn has been a very rewarding experience.


https://fivethirtyeight.blogs.nytimes.com/2013/
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Data are values assigned to
observations or measurements and
are the building blocks of statistical
analysis.

Information is data that are
transformed into useful facts that
can be used for a specific purpose,
such as making a decision.

A data sets is a collection of data
points in a single aspect.

models and technology forecasts the weather for a given location and time. More-
over, weather forecasts allows preparing for natural calamities, such as hurricanes
and tornadoes to minimize the risk of disruptions and fatalities. For example, the
weather forecast helped Floridians plan for Hurricane Irma in September 2017.
Although many people had no power or water for days, the forecast allowed peo-
ple to stock up on dry food and water many days before the hurricane hit.

1.2 Data

Data are the foundation of the field of statistics and can be defined as the values
assigned to specific observations or measurements. If I'm collecting data on my
wife’s snoring behavior, I can do so in different ways. I can measure how many times
Deb snores over a 10-minute period. I can measure the length of each snore in sec-
onds. I could also measure how loud each snore is using a descriptive phrase like
“That one sounded like a bear just waking up from hibernation” or “Wow! That one
sounded like a sea lion calling for its young.” (How a sound like that can come from
a person who can fit into a pair of size 2 jeans is beyond me.)

In each instance, I would be recording data on the same event but in a different
form. In the first instance, I would be measuring a frequency, or number of occur-
rences. In the second instance, I would be measuring duration, or length of time.
And in the final instance, I would be measuring the event by describing its volume
using words rather than numbers.

However, data all by themselves are not particularly useful. By definition, data are
just the raw facts and figures that pertain to a measurement of interest. Information, on the
other hand, is derived from the facts for the purpose of making decisions. One of the
major reasons to use statistics is to transform data into information. For example, Table 1.1
shows the temperatures in New York City (NYC) during the first week of January 2018.

TABLE 1.1 | Temperatures in NYC in January 2018

Mon 1/1 19°/7°
Tue 1/2 26°/3°
Wed 1/3 30°/16°
Thu 1/4 29°/19°
Fri 1/5 19°/9°
Sat 1/6 13°/6°
Sun 1/7 18°/5°

*www.accuweather.com

Each individual temperature would be considered a data point. By themselves, the
data points have limited value, other than to suggest that it is increasing or decreasing.
To these data, let’s add the fact that the lowest historical average temperature for the
first week of January was 38°%/27°. We can conclude now, with the help of statistics, that
the temperatures were actually a record low for NYC. Adding another fact, that the
freezing temperature was 32° Fahrenheit, we may be able to conclude now that people
in NYC were at high risk of hypothermia (the body gets too cold and starts losing tem-
perature at a higher rate than the body can generate). In order to address and analyze
this, we will need to employ statistical analysis, which will be covered later in this text.

Data Sets and Databases

A collection of data points is called a data set. Notice how Table 1.1 is a data set that
shows a collection of temperature data points for one week. This data set has a single
dimension for the seven days: actual temperature high/low.


www.accuweather.com
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A collection of data points that contains multiple rows (records) and columns
(fields), and provides multiple dimensions for the data is called a database. Now
consider the detailed weather forecast for the first week of January for NYC as
shown in Table 1.2. The data is displayed in a multi-dimensional table that repre-
sents the forecast for multiple days (records) and multiple weather attributes (fields):
day, actual temperature high/low, precipitation (chance of rain), snow, sunrise and
sunset.

1 TABLE 1.2 | Weather Forecast Database for January 2018

Rows or
Records

Secondary data are data that
somebody else has collected and
made available for others to use.

N FIGURE 1.1
The Home Page of the
Bureau of Labor Statistics

DAY ACTUAL TEMP HIGH/LOW (°F)* PRECIP. (IN)* SNOW (IN)*  SUNRISE**  SUNSET**
Mon 1/1 19°/7° 0 0 719 AM  4:39 PM
Tues 1/2 26°/3° 0 0 719 AM  4:40 PM
Wed 1/3 30°/16° 0 0 720 AM  4:41 PM
Thurs 1/4 29°/19° 0.76 0 720 AM 4:42 PM
Fri1/5 19°/9° 0 0 720 AM  4:43 PM
Sat1/6 13°/6° 0 0 719 AM  4:44 PM
Sun 1/7 18°/5° 0 0 719 AM  4:45PM

Columns or Fields
*www.accuweather.com
*www.weather.com

The Sources of Data

We classify the sources of data into two broad categories: primary data and second-
ary data. Secondary data are data somebody else has collected and made available for
others to use. The U.S. government collects and publishes a variety of data that are
readily available online. The U.S. Department of Labor collects mountains of data on
topics such as consumer prices, inflation, unemployment, and productivity. The
home page for the department’s website is shown in Figure 1.1.

CPI for all items fallz 0.1% in March; gasoline index declines, shelter index rises
In March, the Consumar Price Indax for All Urban Consumers decreased 0.1 parcent seascnally
adjusted; rising 2.4 percent over the last 12 manths, not sessonally adjusted, The index for sl
itarns lass food and energy rose 0.2 parcant in March (SA) up 2.1 percant over the year (NSA).
HIML | ERE | 2SS | Chans | Local and Regionsl CPI

(4112005 Real average hourly eamings increase 0.4% in March

PP for final 0.3% in March; services and goods both increase 0.3%
Payroll up by 102,000 in March; unemploymant rate unchanged at4.1%
(47042018 Feb. jobless rates down over tha year in 219 of 328 metro areas; payroll jobs up in 213
read move »

Who chooses part-time work and
why?

GEOGRAPHIC INFORMATION »
This article focuses on part-time workers
who chosa to work part tima in 2026 and
the noneconomic reasons for doing 0.

read wore »

< 1|2l (3]|¢][5 >
LATEST NUMBERS [ nss |
Consumer Price Index (CPI):
0.1% In Mar 2013 ")
Unemployment Rate:
1% In Mar 2018 -
Payrall Employment;

+103,C05(F) In Mar 2013 =
Average Hourly Earnings:
+80.68{p) Im Maar 3018 -

Producer Price Index - Final Demand:;

+0.3%{F) I Mar 2018 I =


www.accuweather.com
www.weather.com
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The Internet has become a
rich source of data for
statistics published by
various industries. I once
found a Japanese study on
the effect of fluoride on toad
embryos. Before this
discovery, I had no idea
toads even had teeth, much
less a cavity problem!

Primary data are data that you have
collected for your own use.

Direct observation is a method of
gathering data while the subjects of
interest are in their natural environment,
often unaware they are being watched.

Afocus group is a direct observational
technique whereby individuals are
often paid to discuss their attitudes
toward products or services in a group
setting controlled by a moderator.

An experiment is a method of
gathering primary data by exposing
subjects to certain treatments and
recording the data of interest.

A survey is a method of collecting
primary data by directly asking
people a series of questions. They
can be administered by e-mail, via
the Web, through snail mail, face to
face, or over the telephone.

Research has shown that a
question posed in a positive
tone will tend to evoke a
more positive response. A
question posed in a negative
tone will tend to evoke a
more negative response. A
good strategy is to pre-test
your questionnaire before
releasing it to actual
participants.

Every 10 years the U.S. Department of Commerce conducts a nationwide census
to gather a wide variety of data related to the country’s population. The data are also
used by Congress to make decisions about the funding for community services
throughout the United States. The data are also used to adjust the number of repre-
sentatives each state is allowed to elect to Congress. You can find census data on the
Department of Commerce’s website.

The U.S. Geological Survey (USGS) provides an impressive assortment of scien-
tific information that is used to manage water, energy, biological, and mineral
resources across the earth. For instance, did you know there are 250 species of squir-
rels in the world? If you don’t believe me, you can look the information up at the
USGS's website and become the local squirrel “expert” in your area.

The main drawback of using secondary data is that you have no control over
how the data were collected. People tend to believe anything that’s in print, even if
it's not true. (You believe me, don’'t you?) Some of it is wrong, and, as you will learn
later in the chapter, some of it is deliberately biased. The advantage to secondary
data is that they are cheap (sometimes free) and that they are immediately available.
For someone looking for data quickly, secondary data provide instant gratification
(assuming the data are accurate, of course).

Primary data, on the other hand, are data collected by the person or organization
that eventually uses the data. This type of data can be expensive to acquire, but the
main advantage of primary data is that the data are yours, and you have nobody else
to blame but yourself if you make a mess of it. You can obtain primary data in many
ways, such as by direct observation, via experiments, or through surveys.

Direct observation is a method of gathering data while the subjects of interest are
in their natural environment, often unaware they are being watched. Observing wild
animals stalking their prey in the forest or teenagers at the mall on Friday night are
two examples. (Or are they the same example?) The advantage of this method is that
the subjects will unlikely be influenced by the data collection process.

A focus group is a direct observational technique whereby individuals are often
paid to discuss their attitudes toward products or services in a group setting con-
trolled by a moderator. For example, Fisher Price heavily relies on focus groups of
both adults and children to obtain valuable feedback on new toy ideas. The partici-
pants are aware they are being observed.

In an experiment, subjects are exposed to certain treatments and the data of inter-
est are recorded. An experiment that tests the use of a new medical drug is an exam-
ple. Two different groups would be established: The first group would receive the
new drug; the second group would be the control group. People in the control group
would be told they are getting the new drug but would in fact get a placebo with no
medication. The reactions from each group would be measured and compared to
determine whether the new drug is effective.

The benefit of experiments is that they allow statisticians to control factors that
could influence the results, such as the gender, age, and education of a participant.
One major concern about collecting data through experiments is that the response of
the subjects might be influenced by the fact they are participating in a study.

A survey involves directly asking people a series of questions. Surveys can be
administered by e-mail, via the Web, through snail mail, face to face, or over the tele-
phone. (It’s the telephone survey I'm most fond of, especially when I get the call just as
I'm sitting down to dinner, getting into the shower, or finally making some progress on
the chapter I'm writing.) The questionnaire needs to be carefully designed to avoid any
bias that could affect participants’ responses or confuse them. Bias can occur when a
question is stated in a way that encourages or leads a respondent to a particular answer.
For example, “Wouldn’t you agree that all drivers should wear a seat belt?” is a biased
question. The influence the survey itself has on the responses of participants can also
affect the quality of the data collected. Some participants will respond in a way they feel
the survey would like them to. Figure 1.2 shows a portion of a survey I developed for
users of the Claymont Community Center in Delaware. To encourage respondents to
participate, an effective survey will state its purpose in the beginning, ask questions in a



FIGURE 1.2
An Example of a Survey

We relied on SurveyMonkey
to develop this textbook.
Faculty and students tested
the book before publication
and provided valuable
feedback through this
website. I'm a satisfied
customer!

Quantitative data use numerical
values while qualitative data rely on
descriptive terms to describe
something of interest.

Quantitative continuous data are
values that can take on any real
numbers, including numbers that
contain decimal points.

Quantitative discrete data are
values based on observations that
can be counted and are typically
represented by whole numbers.
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clear and concise manner, and place the more personal demographic questions last—
when the respondents feel more comfortable with the process.

Claymont Community Center
Health Clinic
Customer Service Survey

Dear Customer,

Our goal is to provide you with the best service possible. You can help us by taking a few minutes to answer
the following questions about the Claymont Community Center (CCC). This valuable information will be used to help
us to improve our services in the near future. The information gathered with this survey will be kept strictly confidential.
Thank you for helping us.

(Please place this form in the Customer Survey Box in the Health Clinic. If you need more time, you may return
the form on your next visit or ask for a stamped envelope to return it by mail.)

1. How long have you been using the Health Clinic? 3. Please provide the following personal information.
(Check one) Again, all information will remain confidential.
Less than one month
1 to 6 months

Zip code of your residence:
__ 6 months to a year

1 to 3 years Gender: Male Female Age:
2. How satisfied are you with the quality of service Marital Status: Married Single
being provided by the medical staff at the Health Clinic? Separated Dozl WielomEl

Very Satisfied

—Satisfied Are you the head of your household?
Dissatisfied Yes No
Very Dissatisfied - D
Comment What is your annual gross income?
Less than $10,000 $30-40
$10-20 $40+
$20-30

Online surveys are a convenient way to acquire data. Companies such as
SurveyMonkey provide people with a low-cost way to design surveys, collect
responses, and analyze the data. The SurveyMonkey website claims that 80% of the
Fortune 100 companies are users of the service. However, there are challenges to
Internet surveys, which will be discussed later in this chapter.

To test your understanding of data sources, I encourage you to spend a few min-
utes answering the questions in the following Your Turn section.

[dentify if the data required for each example are primary or secondary. For primary data, determine the
best way in which the data should be collected. In other words, should the data be collected via observa-
tion, experiment, or survey?

1. Apple would like to measure the satisfaction levels of customers who purchased its new iPad
product.
. Pepsi would like to determine if consumers prefer the taste of Diet Pepsi to Diet Coke.
3. Cleveland State University needs to determine the current inflation rate to determine the annual sal-
ary increases for its staff for the upcoming year.
4. McDonald’s would like to determine the average wait time for customers who use its drive-through
windows during the lunch hour.

N

Answers can be found on » page 21.

The Two Main Types of Data

Another way to classify data is by whether they are quantitative or qualitative:

* Quantitative data use numerical values to describe something of interest either by
measuring it (such as its weight, height, or distance), we call this continuous data,
or by counting it (such as the number of customers or repeat customers a busi-
ness receives) —we call this discrete data.
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Nominal data are data that are
described as a category or a label.
Examples are gender (male or
female), marital status (married,
single, divorced, widowed), or yes/no
responses.

Ordinal data have all the properties
of nominal data, with the added
feature that we can rank-order the
values from highest to lowest.

W FIGURE 1.3
An Example of Ordinal
Measurement: Tom, Me,
and Scott (from left to
right) on Our Mowers

¢ Qualitative data use descriptive terms to measure or classify something of inter-
est. One example of qualitative data is the name of a respondent in a survey and
his or her level of education. Mathematical operations such as addition, subtrac-
tion, multiplication, and division cannot be performed on this type of data.

Classifying Data by Their Level of Measurement

Another important way to classify data is by the way the data are measured. This dis-
tinction is critical because it affects which statistical techniques we can use in our analy-
sis of the data. The four levels of measurement are nominal, ordinal, interval, and ratio.

A nominal level of measurement deals strictly with qualitative data assigned to
predetermined categories. One example is the gender of a survey respondent, with
the categories being male and female. This type of data is referred to as nominal data,
or categorical data. It does not allow us to perform any mathematical operations on
it, such as adding or multiplying. We can only give the data names and categorize
them. (The word nominal actually means “pertaining to names.”) We also cannot
rank-order the data in any way from highest to lowest. An example is the state in
which the survey respondent resides, such as Delaware or New Jersey (although I
would try to rank my home state of Delaware on top.)

Other examples of nominal data are zip codes and telephone numbers, which
can’t be added, subtracted, or placed in a meaningful order of greater than or less
than. Even though the data consist of numbers, they are handled just like qualitative
data. Nominal data are considered the lowest level of data, and, as a result, the sta-
tistical techniques used to analyze them are the most restrictive.

An ordinal level of measurement can be conducted on data that are on the next
level up on the food chain. Ordinal data has all the properties of nominal data, with
the added feature that we can rank-order the values from highest to lowest. The fol-
lowing example explains ordinal measurement: Recently, I felt challenged by two
neighbors who claimed their lawnmowers were faster than mine. Naturally, this had
to be settled by a lawnmower race down our street, Gaebel Lane. Sadly, I present
Figure 1.3, which shows that I lost the race. My neighbor Tom came in first, my
neighbor Scott came in second, and I came in third.

We still can’t perform mathematical operations on this type of data, but we can say
that Tom’s lawnmower was faster than mine and Scott’s. However, we cannot say how
much faster because we didn’t record the times of the lawnmowers. We just noted who
came in first, second, and third. Ordinal data that have been collected do not allow us to
make measurements between the categories or to say, for instance, that Scott’s



Interval data, which are strictly
quantitative, allow us to measure the
differences between the categories
with actual numbers in a meaningful
way.

Ratio data have all the features of
interval data, with the added benefit
of having a true zero point.

For example, dollars are
considered to be ratio data
because $20 is twice as much
as $10.

FIGURE 1.4

The Twwo Main Types of
Data and Their
Corresponding Levels
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lawnmower is twice as fast as Bob’s. For that, we need a different type of data. (In case
you were wondering, I have been unsuccessful at convincing Deb that I need more horse-
power to restore our family honor at the Second Annual Gaebel Lane Lawnmower Race.)

Education level is another example of ordinal data. A master’s degree is ranked
higher than a bachelor’s degree, which in turn is ranked higher than a high school
diploma. However, we are unable to measure the difference between these degrees in a
meaningful, mathematical way. For instance, it would not be accurate to claim the dif-
ference between a master’s and a bachelor’s degree is more than the difference between
a bachelor’s and a high school degree. A property of ordinal data is that the differences
between categories are not meaningful and, therefore, cannot be measured.

Ordinal data can also be numerical. One example of numerical ordinal data is
when we rate movies with one, two, three, or four stars. Although we can order the
movies by their ratings, we can't, for example, claim that a four-star movie is four
times as good as a one-star movie.

The interval measurement level is yet a higher level of measurement. It measures
interval data, which are strictly quantitative. Temperature measurements in degrees Fahr-
enheit are an example of interval data. With this level, we can measure the differences
between the categories with actual numbers in a meaningful way. For instance, 70°F is 5°
warmer than 65°F. However, multiplication and division can’t be performed on this level
of data. Why not? Simply because we cannot argue that 100°F is twice as warm as 50°F.
The logic of this claim becomes more obvious when we convert the temperatures to the
Celsius scale. The same two temperatures convert to 38°C and 10°C, respectively, so the
twice-as-warm argument does not hold true. To help explain this, try baking a cake at
twice the recommended temperature in half the recommended time. Yuck!

Another characteristic of interval data is that they do not have a true zero point.
The term frue zero point means that a zero data value indicates the absence of the
object being measured. For instance, 0°F and 0°C do not represent the absence of tem-
perature, even though it may feel like it.

Your grade point average (GPA) is another example of interval data. We can
measure the difference between a 4.0 and a 2.0 GPA by simply subtracting the two
values. However, it would not be an accurate statement to claim that a 4.0 student is
twice as smart as a 2.0 student. Also, GPA has no true zero point because a 0.0 GPA
does not indicate the absence of a grade point average.

The most versatile of data types is the ratio level of measurement. Ratio data are as
good as it gets as far as data are concerned. Examples of this type of data are ages,
weights, prices, and salaries. Ratio data have all the features of interval data, with the
added benefit of a true zero point. For instance, a zero salary indicates the absence of any
salary. With a true zero point, we can say that a person who is six feet in height is twice
as tall as a three-foot person or that a 20-year-old person is half the age of a 40-year-old.

The distinction between interval and ratio data is a fine line. To help identify the
proper scale, use the “twice as much” rule. If the phrase “twice as much” accurately
describes the relationship between two values that differ by a multiple of two, then
the data can be considered to be ratio level.

Figure 1.4 shows the relationship between the levels of data measurement and
the two main types of data, and Table 1.3 summarizes the properties of the four lev-
els of data measurement. As we explore different statistical techniques later in this
book, we will revisit these different measurement scales. You will discover that spe-
cific techniques require certain types of data.

Types of Data

Qualitative Quantitative

|Nomina1|| Ordina1| |Interva1|| Ratio |






